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(54) PRORLE IRREGULARITY MEASURING DEVICE 

(57)Abstract: 

PURPOSE: To attain high precision and miniaturize a device by emitting the 
outgoing light flux from a semiconductor laser via a solid light transmission 
line, and utilizing it as the measuring light flux and the reference light flux. 
CONSTITUTION: The outgoing light from a semiconductor laser light source 
1 is directly fed to a single-mode optical fiber 3 with a lens 2. and it is sent 
out from an outgoing end face. The outgoing wave front is equal to the 
diffracted wave by a pinhole having the same size as the diameter of the 
core 3a of the fiber 3. and part of the outgoing light radiates a 
measurement face 4 as the measuring light flux. The light flux reflected on 
the measurement face 4 is again condensed on the outgoing end face of 
the fiber 3. It is reflected on a clad section 3b. and it is formed into the 
parallel light flux by a lens 5 and guided to the light receiving face of a CCD 
6. The other part of the outgoing light from the fiber 3 is formed into the 
parallel light as the reference light flux by the lens 5, it Is made to interfere 
with the measuring light flux by the CCD 6, and interference fringes are 
generated. The outgoing wave front Is the nearly ideal spherical wave, and 
the profile irregularity can be measured with high precision at 1/100- 
1/1000 of the light wavelength X. 
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(54) PROFILE IRREGULARITY MEASURING DEVICE 

(57)Abstract: 

PURPOSE: To attain high precision and miniaturize a device by emitting 
the outgoing light flux from a semiconductor laser via a solid light 
transmission line, and utilizing it as the measuring light flux and the 
reference light flux. 

CONSTITUTION: The outgoing light from a semiconductor laser light 
source 1 is directly fed to a single-mode optical fiber 3 with a lens 2, and it 
is sent out from an outgoing end face. The outgoing wave front is equal to 
the diffracted wave by a pinhole having the same size as the diameter of 
the core 3a of the fiber 3, and part of the outgoing light radiates a 
measurement face 4 as the measuring light flux. The light flux reflected on 
the measurement face 4 is again condensed on the outgoing end face of 
the fiber 3, it is reflected on a clad section 3b, and it Is formed into the 
parallel light flux by a lens 5 and guided to the light receiving face of a CCD 
6. The other part of the outgoing light from the fiber 3 is formed into the 
parallel light as the reference light flux by the lens 5, it is made to interfere 
with the measuring light flux by the CCD 6, and interference fringes are 
generated. The outgoing wave front is the nearly ideal spherical wave, and 
the profile irregularity can be measured with high precision at 1/100- 
1/1000 of the light wavelength X, 
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* NOTICES * 

Japan Patent 0££ice is not responsible for any 
damages caused by the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] By arranging the concave spherical surface used as a measuring plane-ed in an exposure location of the flux 
of light from a light source means, making the flux of light for measurement reflected by this measuring plane-ed, and 
the flux of light for reference interfere mutually, and detecting a condition of an interference fringe produced by this 
interference A profile irregularity measuring device characterized by using the flux of light which has a solid-state 
optical transmission line which transmits an outgoing beam of said light source means in a profile irregularity measuring 
device which measures spherical-surface precision of said measuring plane-ed, and carries out outgoing radiation from 
the optical outgoing radiation section of this optical transmission line as said flux of light for measxjrement, and the flux 
of li^t for reference. 

[Claim 2] By arranging the concave spherical surface used as a measuring plane-ed in an exposure location of the flux 
of light from a light source means, making the flxix of light for measurement reflected by this measuring plane-ed, and 
the flux of light for reference interfere mutually, and detecting a condition of an interference fringe produced by this 
interference A profile irregularity measuring device characterized by using directly the flux of light by which direct 
outgoing radiation is carried out in a profile irregularity measuring device which measures spherical-surface precision of 
said measuring plane-ed, without said light source means minding space from this semiconductor laser including 
semiconductor laser as said flux of light for measurement, and the flux of light for reference. 
[Claim 3] A profile irregularity measuring device according to claim 2 characterized by being constituted so that an 
optical axis of the flux of light for measurement and the flux of light for reference by which direct outgoing radiation is 
carried out may serve as axial synmietry from said semiconductor laser mutually to an optical axis of said 
semiconductor laser. 

[Claim 4] A profile irregularity measuring device according to claim 1, 2, or 3 characterized by preparing the light 
reflex section in a location near the optical outgoing radiation section of said light source means. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the profile irregularity measuring device which measures the profile 

irregularity of the concave spherical surface. 

[0002] 

[Description of the Prior Art] As equipment which measures the profile irregularity of the spherical surface, the thing 
adapting an interferometer is known from the former, and there are a TOWAI man green mold interferometer, the 
Fizeau mold interferometer, etc. as interferometer applied to these. 

[0003] Moreover, these interferometers are applied fiirther and the interferometer which uses the diffracted Hght from a 
pinhole for a light source means is exhibited as JP,2-228505,A. In this example of precedence, the flux of light from the 
light source was made to once condense, it led to the pinhole, and the diffracted li^t by which outgoing radiation is 
carried out from a pinhole is used for the light for measurement, and the light for reference. 
[0004] 

[Problem(s) to be Solved by the Invention] By the way, in applying a TOWAI man green mold interferometer and the 
Fizeau mold interferometer to measurement of profile irregularity, in order to raise the accuracy of measvirement, it is 
necessary to use a spherical-surface gage and to amend the effect of the aberration of optical system, and precision is 
lambda/40 (lambda=633 nm) degree to the wavelength lambda of the flux of light for measurement of this spherical- 
surface gage itself to be used absolutely. However, at a recent-years and short wave Nagamitsu study element, 
especially the optical element for soft X ray, it is lambda / 100 - lambda/1000. The following (several lOA) profile 
irregularity is demanded, and the problem which cannot respond to the precision searched for has arisen in the 
interferometer using the conventional spherical-surface gage. 

[0005] On the other hand, with the interferometer using the diffracted light from a pinhole like the example of 
precedence, it is lambda / 100 - lambda/ 1000. Although measurement in a high precision to say is possible, utilization 
general from the problem shown below is not made. First, although a precise precision of micron order is required of the 
pinhole used for a light source means, even if the fabrication of such a pinhole is very difficult and it manufactures it, it 
has the problem which requires cost too much, 

[0006] Furthermore, since a very precise precision is required of condensing of a laser beam by positioning of the 
optical system over such a minute pinhole, especially a pinhole illumination system, work of such optical system is very 
difficult for it including cost. Moreover, even if it uses semiconductor laser with comparatively sufficient stability etc. 
as the light source, it is necessary to take into consideration the effect of the magnetic field over equipment environment 
etc., the drift of the location of the flux of light from the light source based on these, etc. in the oscillation of the laser 
itself, fluctuation (noise etc.) of electric conditions, and a list. For this reason, since pin spot of condensing of a laser 
beam needed to be made into the magnitude which is to some extent generous from the path of a pinhole, the problem 
on which loss of the quantity of light condensed around a pinhole (except a pinhole) is not avoided had also been 
produced. 

[0007] So, in this invention, the above-mentioned trouble in the conventional method is solved, and attaining easy 
operation-ization of the profile irregularity measuring device which has a very high precision, and the profile 
irregularity measuring device which becomes a list from a general available configuration for the purpose of the 
miniaturization of equipment and amplification of the range of applied are offered. 
[0008] 

[Means for Solving the Problem] For the above-mentioned object achievement, invention of a publication to this 
application claim 1 By arranging the concave spherical surface used as a measuring plane-ed in an exposure location of 
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the flux of light from a light source means, making the flux of light for measxirement reflected by this measuring plane- 
ed, and the flux of light for reference interfere mutually, and detecting a condition of an interference fringe produced by 
this interference In a profile irregularity measuring device which measures profile irregularity of said measuring plane- 
ed, a solid-state optical transmission line which transmits an outgoing beam of a light source means is prepared, and the 
flux of light which carries out outgoing radiation from the optical outgoing radiation section of this optical transmission 
line is used as said flux of light for measurement, and the flux of light for reference. 

[0009] Moreover, the flux of light for measurement which has arranged the concave spherical sxirface used as a 
measuring plane-ed in an exposure location of the flux of light from a light source means, and was reflected in it by this 
measuring plane-ed in invention according to claim 2, By making the flux of light for reference interfere mutually, and 
detecting a condition of an interference fiinge produced by this interference In a profile irregularity measuring device 
which measures profile irregularity of said measuring plane-ed, said light source means is built by semiconductor laser, 
and the flux of light by which direct outgoing radiation is carried out from this light source, without minding space from 
semiconductor laser is directly used as said flux of light for measurement, and the flux of light for reference. 
[0010] Furthermore, in a profile irregularity measuring device according to claim 2, an optical axis of the flux of light 
for measurement and the flux of light for reference by which direct outgoing radiation is carried out from said 
semiconductor laser consists of invention according to claim 3 so that it may become axial symmetry mutually to an 
optical axis of said semiconductor laser. 

[00 11] Furthermore, by invention according to claim 4, it is characterized by preparing the light reflex section in a 
location near the optical outgoing radiation section of said light source means again in a profile irregularity measuring 
device according to claim 1, 2, or 3. 
[0012] 

[Function] Since this invention is constituted as mentioned above, it does the following operations so. First, in invention 
according to claim 1, it has the solid-state optical transmission line which consists of an optical fiber, optical waveguide, 
etc., for example, and incidence of the flux of light from the light source is carried out to die end of this solid-state 
optical transmission line, and outgoing radiation is carried out from the outgoing radiation edge of another side. Here, 
the flux of light by which outgoing radiation is carried out from here by defining the magnitude of this outgoing 
radiation edge suitably serves as a spherical wave, and has breadth in a radial. 

[0013] A part of outgoing radiation light is irradiated by said measxiring plane-ed as the flux of light for measurement, 
and a part of [ other ] flux of lights are used as the flux of light for reference. And the flux of light for measurement and 
the flux of light for reference which were reflected by the measuring plane-ed are drawn so that interference may be 
caused mutually. That is, if an outline is carried out, it will become a profile irregularity measuring device adapting the 
fimction as an interferometer in which the flux of light from the outgoing radiation edge of this solid-state optical 
transmission line was used. 

[0014] Therefore, in this invention, when it is not necessary to manufacture the precise pinhole of micron order like the 
example of precedence for a light source means and uses an optical fiber as a solid-state optical transmission line, a 
commercial product can also be used as it is that what is necessary is just to use the single mode fiber whose core 
diameter is several microns. Furthermore, since a commercial optical coupling element can be used too, the trouble 
about condensing is canceled to the incidence of the ligjit to an optical fiber like the example of precedence, and 
incidence of the light to an optical fiber can be carried out, for example to it very easily. This point is also almost the 
same as when optical waveguide is used as a solid-state optical transmission line, and the optical system of a light 
source means serves as a simple configuration as compared with the example of precedence etc. 
[0015] In addition, if semiconductor laser is used as the light soxirce when optical waveguide is used as a solid-state 
optical transmission line, for example, it will be possible to form the semiconductor laser and optical waveguide which 
constitute a light soxirce means on the same substrate, and to unify, and the whole equipment will turn into a lightweight 
[ small and ]-ized stable profile irregularity measuring device using the light source means accumulated by the compact. 

[0016] Since it can constitute at arbitration in the location where the original light source separated from the member 
which constitutes an interferometer on the other hand since the outgoing radiation edge of the solid-state optical 
transmission line in a light source means itself was considered to be the false light source by this invention, the 
flexibility on layout of equipment increases, and the utilization range as an interferometer is also expanded, for example, 
the utilization in an optic fabrication site etc. is also attained. 

[0017] Moreover, in invention according to claim 2, the above-mentioned technical problem is attained by using the 
outgoing radiation light from the semiconductor laser Ught source directly through space as a light source means. That 
is, in this invention, while irradiating a measuring plane-ed as it is by making into the flux of light for measurement a 
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part of light which carried out outgoing radiation from semiconductor laser, a part of other light which carried out 
outgoing radiation from semiconductor laser is directly used as the flux of light for reference. And the flux of light for 
measurement and the flux of light for reference which were reflected by the measuring plane-ed were made to interfere 
mutually, and the profile irregularity measuring device adapting the interferometer of an easy configuration is realized. 
[0018] Here, the optical outgoing radiation section is minute (it is 0.1-20 micrometers by structure) very much, and 
semiconductor laser injects a spherical wave from this optical outgoing radiation section to an abbreviation radial. For 
this reason, in this invention, profile irregularity can be measured like the above-mentioned invention instead of the 
optical outgoing radiation section of the above-mentioned invention using the operation of an interferometer by xising 
the flux of light from semiconductor laser as the object for measurement, and the flux of light for reference as it is 
directly. 

[0019] Furthermore, in invention according to claim 1, when optical waveguide is used as a solid-state optical 
transmission line, it is possible to perform a phase modulation a waveguide on the street, and it is possible to change the 
wavelength of the flux of Ught for measurement respectively in modulating the wavelength of semiconductor laser in 
invention according to claim 2, and if these modulation means are established, the so-called AC interferometer which 
does not need moving part, such as a piezo-electric element, can be realized. 

[0020] By the way, the outgoing radiation light from general semiconductor laser is the wave front which had not the 
ideal spherical surface but astigmatism to the optical axis in many cases. For this reason, although it is desirable to use 
semiconductor laser with as much as possible little astigmatism for this invention, it may be obliged to the activity of the 
light source which had such astigmatism from problems, such as a manufacturing cost. In such a case, invention which 
needed to eliminate the effect of astigmatism and was indicated to claim 3 takes this point into consideration. 
[0021] It consists of invention indicated to claim 3 so that the optical axis of the flux of Hght for measurement and the 
flux of light for reference by which direct outgoing radiation is carried out may serve as axial symmetry from the hght 
source means which consists of semiconductor laser mutually to the optical axis of said semiconductor laser. Thereby, 
the astigmatism which serves as an object for reversal to the optical axis of semiconductor laser will be mutually offset 
from the relation of the optical axis of the flux of light for measurement and the flux of light for reference which have 
been arranged at axial symmetry, and existence of astigmatism does not pose a measurement top problem. 
[0022] Next, in invention indicated to claim 4, in each above-mentioned invention, since the light reflex section is 
prepared in the location near the optical outgoing radiation section of a light source means, it is again reflected in this 
light reflex section, and the flux of Hght for measurement reflected by the measuring plane-ed is led to the flux of light 
for reference, and the same axle. When not preparing this reflective section, the flux of light for measurement is made 
reflected by invention according to claim 1 by the peripheries (for example, the GURADDO section of an optical fiber, 
the substrate end face of optical waveguide, etc.) of the optical outgoing radiation section of a solid-state optical 
transmission line, but since the reflection factor is low in these peripheries, the detection precision for which the contrast 
of an interference fiinge falls and wishes may not be acquired. This invention solves such a problem, raises the 
reflection factor of the flux of light for measurement from a measuring plane-ed by preparing the light reflex section, 
and raises the reinforcement of the flux of light for measurement (it becomes one side of an interference Ught) which 
forms an interference fiinge. 

[0023] When an optical fiber is used, for example by invention according to claim 1, this light reflex section can be 
form^ by carrying out mirror plane processing of the periphery except the core section, and carrying out mirror plane 
processing can also form it in near locations other than the optical outgoing radiation section of the semiconductor laser 
in invention according to claim 2. In addition, what raised reflective effectiveness not only by the mirror plane but by 
sxirface coating etc. is sufficient as the light reflex section. 
[0024] 

[Example] This invention is explained in more detail through an example below. Drawing 1 is the conceptual diagram 
showing an optical path in the outline configuration list of the mirror plane precision measuring device concerning the 
1st example of this invention. In this example, incidence of the light which carried out outgoing radiation from the laser 
light source 1 is carried out to a single mode optic fiber 3 with a lens 2. By the optical coupling element centering on a 
lens 2, the flux of light from a laser light source 1 is actually drawn in a single mode optic fiber 3 from an incidence end 
face efficiently (about 100%). And the inside of a single mode optic fiber 3 is penetrated in the form of parallel light, 
and outgoing radiation is carried out from another end face (outgoing radiation end face). 
[0025] This outgoing radiation wave front is equal to the diffracted wave by the pinhole of magnitude equal to the 
diameter of core 3 a of a single mode optic fiber 3, and it can be considered under some conditions (afler-mentioned) that 
it is an ideal spherical wave. And a part of this outgoing radiation light irradiates the measuring plane 4-ed as the flux of 
light for measurement. The optical axis (optical axis of the fl\ix of light for measurement) of this measuring plane 4-ed 
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makes an angle the optical axis of an optical fiber 3, and predetermined, and is arranged, and, as for the location of the 
outgoing radiation end face of an optical fiber 3, it is still more desirable to make it in agreement with the location of the 
center of curvature of the spherical surface which constitutes the measuring plane 4-ed. 

[0026] The flux of light for measurement reflected by the measuring plane 4-ed is again condensed by the outgoing 
radiation end face of an optical fiber 3 through the optical path which came origin. Under the present circumstances, it is 
reflected by the end face of clad section 3b of an optical fiber 3, or fixture 3c for immobilization of that outside, and the 
condensed flux of light for measurement tums into the parallel flux of light with a lens 5, and arrives at the light- 
receiving side of CCD6. On the other hand, it reaches CCD6, a part of other outgoing radiation light fi-om an optical 
fiber 3 being too used as parallel light with a lens 5 as the flux of light for reference. And in respect of light-receiving of 
CCD6, the flux of light for reference and the flux of light for measurement reflected in the measuring-plane-ed 4 list by 
optical Ferber's 3 outgoing radiation end face interfere mutually, and produces an interference fringe. 
[0027] Moreover, in this example, in order to raise the accuracy of measurement, the piezo-electric element 1 1 is 
arranged by the holder of the measuring plane 4-ed, the measuring plane 4-ed can be minutely vibrated in the direction 
of an optical axis, and the profile irregularity of the measuring plane 4-ed can be read to high degree of accuracy by the 
technique of well-known AC interferometer. 

[0028] In addition, in this example, although the optical path lengths of the flux of light for measurement and the flux of 
light for reference differ, if the coherent good light source of single wavelength laser etc. is used as the light source 1, 
the difference of the optical path length of this level will not become a measurement top problem. 
[0029] By the way, the accuracy of measxjrement of this example is decided by precision of the outgoing radiation wave 
fi-ont of the outgoing radiation light fi-om an optical fiber 3. the time of the patfi (diameter) phi of the core of an optical 
fiber setting the radius of curvature of the operating wavelength lambda and a measuring plane-ed to r, and setting the 
aperture to a here ~ following (1) if the relation of a formula is filled, since it can be considered that the outgoing 
radiation wave firont from here is an ideal spherical wave ~ lambda / 100 - lambda/1000 ** ~ profile irregularity can be 
measxired in a high precision to say. 
[0030] 

lambda/2 < - phi < - lambdar/2a (1) 

[0031] Therefore, this (1) At the conditions of a formula to this example, it is the path of core 3a of a single mode optic 
fiber 3 phi= 6 mum and lambda= 0.6 If mum, as for the relation with the measuring plane 4-ed, it will become 
conditions that r/a is those [ 20 or more ]. 

[0032] Next, the single mode optic fiber 3 of this example is core 3a and a diameter with a diameter of several, 
micrometers, as shown in drawing 2 . It consists of about 100 micrometers clad 3b, and is fixed in fixture 3c for 
immobilization for optical connecters etc. And the flux of light for measurement reflected by the measuring plane 4-ed 
as mentioned above is reflected near the clad 3b of an optical-fiber outgoing radiation end face. 
[0033] Since this flux of light for measurement is reflected in respect of two, the measuring plane 4-ed and a fiber end 
face, (only in case of part), the quantity of light is declining compared with the flux of light for reference which is not 
reflected once, and the contrast of the interference fringe produced in the light-receiving side of CCD6 becomes low. In 
this case, if a piezo-electric element is worked and the technique of AC interferometer is used, it is measurable also in 
the interference fiinge of low contrast. 

[0034] However, since too much low contrast becomes the factor which worsens the accuracy of measurement, it is 
raising the reflective effectiveness of the flux of light for measurement, and it is possible to raise the contrast (quantity 
of light of the flux of light for measurement) of an interference fringe. For this reason, in other examples, coating (not 
shown) is carried out to the clad section of an optical-fiber end face, and solution of this problem is in drawing by 
raising a reflection factor. Moreover, since the metallic fixture 3c fi-ont face for immobiUzation has a high reflection 
factor, the flux of light for measurement may be reflected by making this into the light reflex section here. Anyway, the 
portion which reflects the flux of light for measurement of tiie optical-fiber end-face section needs to be sufficiently 
good profile irregularity within the limits of the spot. 

[0035] Since a pinhole is not used like the example of precedence according to this example as mentioned above while 
being able to use the flux of light fi-om the light source 1 without futility, the optical system itself has been simplified. 
Moreover, problems accompanying a drift peculiar to a laser beam etc., such as the stability of the light source and 
quantity of light loss, are also solved, and it has become the profile irregularity measuring device which can measure 
profile irregularity in a very high precision. 

[0036] In addition, according to this example, the advantage which can make the configuration of an interferometer very 
flexible is in a measuring device list. For example, if the optical fiber of this example is lengthened, it is possible to 
measure profile irregularity in the location fully distant fi-om the light source 1, and the compact interferometer which is 
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not influenced by the magnitude of the light source section can be constituted. It became possible to constitute the stable 
measuring device which does not have effect of pyrexia of the light source 1, an oscillation, etc. on a measuring plane- 
ed from furthermore separating the light source 1 from an interferometer portion in this case. 
[0037] Moreover, as an optical fiber, if a plane-of-polarization conservation fiber is used, the flux of light in the 
condition of having maintained the polarization condition of the light source 1 can be used for measurement. In this 
case, not only profile irregularity but the thing to apply to measurement of the thickness (homogeneity) of the coating 
member which applied the birefringence operation based on the flux of Kght which polarized etc., for example, was 
given on the surface of the spherical surface etc. is possible. 

[0038] Next, the example using optical waveguide as a soHd-state optical transmission line is shown in draw ing 3 , In 
this example, the single mode waveguide 37 is formed on the substrate, and the magnitude of this waveguide section is 
formed in several microns. And the operation same with using the single mode optic fiber mentioned above can be 
acquired by using the flux of light by which outgoing radiation is carried out from here. In addition, these arrangement 
configurations are the same as that of the above-mentioned example in the measuring plane 4-ed in this example, a lens 
5, and piezo-electric element 1 1 list. 

[0039] By the way, although incidence of the light from a laser light source 31 is carried out to optical waveguide 37 
through the element 32 condensing [ optical ] in the example shown in dr awi ng 3 , it is also possible to use 
semiconductor laser as the light source, and it is also possible to combine the light source and optical waveguide 37 
direct without a lens in this case. Furthermore, it is also possible to unify semiconductor laser on the substrate of optical 
waveguide 37 at a monolithic, and the miniaturization by integration of a light source means can be attained. In 
addition, it cannot be overemphasized that the coherent good light soxirce is used for the light source in any case. 
[0040] Moreover, the so-called technique of AC interferometer can also be used by preparing an electrode on a 
waveguide substrate and performing a phase modulation on optical waveguide 37, without using a piezo-electric 
element. 

[0041] Thus, it is possible to form a very small measuring device in this example Ust according to the application, and if 
an interference fringe is only observed by direct viewing, without using the detection means of CCD6 grade especially, 
a micro measxuing device with a magnitude of several mm which consists only of the semiconductor laser light source 
and optical waveguide is realizable. 

[0042] Next, the outiine configuration of the spherical-surface configuration measuring device directly applied to the 
example using the outgoing radiation Hght from the light source as other examples of this invention is shown in drawing 
4 . In this example, semiconductor laser 48 was used as the light source, and the outgoing radiation light from this 
semiconductor laser 48 is used for the flux of light for reference at the flux of light list for direct measxirement. In 
addition, these arrangement configurations are the same as that of the above-mentioned example in the measuring plane 
4-ed in this example, a lens 5, and piezo-electric element 1 1 list. 

[0043] As shown in drawing 4 , in this example, the measuring plane 4-ed on which a part of outgoing beam which 
carried out outgoing radiation made the optical axis of semiconductor laser 48 and the predetermined angle as the flux 
of light for measurement as it was, and it was put from semiconductor laser 48 is irradiated directiy. The flux of light for 
measurement reflected by the measuring plane 4-ed is condensed by the outgoing radiation end face of semiconductor 
laser 48 through the optical path which came origin. And it is again reflected by the end face of semiconductor laser 48, 
and this condensed li^t serves as the parallel flux of light with a lens 5, and arrives at the light-receiving side of CCD6. 
Moreover, it reaches CCD6 directiy, a part of other outgoing beams from semiconductor laser 48 being used as parallel 
hght with a lens 5 as the flux of li^t for reference as they are. And in respect of light-receiving of CCD6, the flux of 
light for reference and the flux of hght for measurement reflected by the measuring plane 4-ed interfere mutually, and 
an interference fiinge arises. 

[0044] By the way, recentiy semiconductor laser with little astigmatism is developed, and since development of a 
surface emission-type laser without astigmatism is also furthered, it is desirable [ a general outgoing radiation light 
(outgoing radiation wave front) of semiconductor laser ], althou^ it is known that it is a wave front with not an ideal 
spherical wave but astigmatism to use such a thing for tiiis interferometer. 

[0045] However, in using general semiconductor laser, by making the angle which the optical axis of the measuring 
plane 4-ed and the optical axis of semiconductor laser 8 make equal to the angle which the optical axis of a lens 5 and 
the optical axis of semiconductor laser 8 make using the astigmatism in an outgoing beam being symmetrical with 
reversal to the optical axis of semiconductor laser, it is possible to cancel astigmatism mutually and existence of these 
astigmatism does not become a problem actually. 

[0046] Here, the semiconductor laser of a general double heterojunction is taken for an example, and the condition of 
the li^t by which outgoing radiation is carried out from here is shown in drawing 5 . As shown in this drawing, the 
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outgoing radiation light from semiconductor laser has a big angle of divergence (40-60 degrees) in the direction (the 
direction of z) vertical to a barrier layer, and, horizontally (the direction of y), has small breadth (about 10 degrees). For 
this reason, while leaning the optical axis of the flux of light for measurement (measuring plane 4-ed) in the direction 
vertical to the barrier layer of semiconductor laser if arrangement of each part material is taken into consideration in 
attaining the object which negates astigmatism like this example, it is desirable to lean the optical axis of the flux of 
light for reference (lens 5) in it and the symmetrical direction. 

[0047] Furthermore, since it is usually ground in the precision more than wavelength, reflective effectiveness will 
become quite high, but since the outgoing radiation end face of semiconductor laser 48 can reflect efficiently the flux of 
light for measurement reflected by the measuring plane 4-ed by performing mirror plane processing except for the 
optical outgoing radiation section, it becomes easy to measure [ of an interference fringe ] it. 
[0048] Moreover, also with the measuring device concerning this example, the measuring plane-ed was minutely 
vibrated in the direction of an optical axis by the piezo-electric element 11, and the profile irregularity of a measuring 
plane-ed can be read to high degree of accuracy by the technique of well-known AC interferometer. Here, also by 
modulating the wavelength of semiconductor laser 48, it is possible to use the technique of AC mterferometer and the 
measuring device which does not have ****** in this case can be constituted. 

[0049] In addition, although the optical path lengths of the flux of light for measurement and the flux of light for 
reference differ, since the semiconductor laser light source 48 is generally single wavelength laser and this example is 
also the coherent good light source, the difference of the optical path length of this level does not become a problem. 
[0050] As mentioned above, according to this example, it is possible to build the measuring device of simpleest 
configuration of to become the lens 5 list used as the light source 8 and an interference fiinge image formation system 
only from CCD6. 
[0051] 

[Effect of the Invention] As explained above, it is not necessary to amend the effect of the aberration of optical system 
like [ according to this invention ] the equipment adapting the conventional conmion interferometer using a spherical- 
surface gage, and with these equipments, there is an advantage which can measure the profile irregularity in a high 
precision which was not acquired. 

[0052] Since many problems, such as quantity of light loss of alignment wifli precise problem on the fabrication of a 
precise pinhole and optical system using this and the light source accompanying these and stability, are solved like the 
example of precedence on the other hand and the optical system of a light source means serves as a simple 
configuration, general operation can carry out very easily. 

[0053] Furthermore, since a commercial optical fiber etc. can be easily used as a solid-state optical transmission line and 
commercial semiconductor laser can be used also for the light source as it is, the manufacturing cost also decreased 
substantially and the fabrication process has also simplified it. In addition, the profile irregularity measuring device 
which it is small and is easy to treat is realizable by establishing solid-state optical transmission lines, such as the light 
source, an optical fiber, and optical waveguide, in one, and integrating. 

[0054] Moreover, if a solid-state optical transmission line is extended, while it is possible to arrange the light source in 
the location distant from the interference fringe image formation system of equipment and the flexibihty of layout 
improves, the utilization range of an interferometer will be expanded, for example, utilization in fabrication sites, such 
as a lens, will become easy. Furthermore, since the effect of the oscillation of the light source etc. can be eliminated to 
an interference fiinge image formation system etc. in this case, it is hard to produce the error of the accuracy of 
measurement. 
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1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Procedure amendment 1] 

[Document to be Amended] Description 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Claim(s)] 

[Claim 1] In a profile irregularity measuring device which measures profile irregularity of said measuring plane-ed by 
arranging a concave sxHface used as a measuring plane-ed in an exposure location of the flux of light fi"om a light source 
means, making the flux of light for measurement reflected by this measuring plane-ed, and the flux of light for reference 
interfere mutually, and detecting a condition of an interference fiinge produced by this interference, 
A profile irregularity measuring device characterized by using the flux of light which has a solid-state optical 
transmission line which transmits an outgoing beam of said light source means, and carries out outgoing radiation fi-om 
the optical outgoing radiation section of this optical transmission line as said flux of light for measurement, and the flux 
of li^t for reference. 

[Claim 2] In a profile irregularity measuring device which measures profile irregularity of said measuring plane-ed by 

arranging a concave surface used as a measuring plane-ed in an exposxire location of the flux of light from a light source 

means, making the flux of light for measurement reflected by this measuring plane-ed, and the flux of light for reference 

interfere mutually, and detecting a condition of an interference fiinge produced by this interference, 

A profile irregularity measuring device characterized by using directiy the flux of light by which direct outgoing 

radiation is carried out, without said light source means minding space from this semiconductor laser including 

semiconductor laser as said flux of light for measurement, and the flux of light for reference. 

[Claim 3] A profile irregularity measuring device according to claim 2 characterized by being constituted so that an 

optical axis of the flux of light for measurement and the flux of light for reference by which direct outgoing radiation is 
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carried out may serve as axial symmetry from said semiconductor laser mutually to an optical axis of said 
semiconductor laser. 

[Claim 4] A profile irregularity measuring device according to claim 1, 2, or 3 characterized by preparing the light 

reflex section in a location near the optical outgoing radiation section of said light source means. 

[Procedure amendment 2] 

[Document to be Amended] Description 

[Item(s) to be Amended] 0001 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0001] 

[Industrial Application] This invention relates to profile irregularity measurement **** which measures concave profile 

irregularity. 

[Procedure amendment 3] 

[Document to be Amended] Description 

[Item(s) to be Amended] 0008 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0008] 

[Means for Solving the Problem] For the above-mentioned object achievement, invention of a publication to this 
application claim 1 By arranging a concave surface used as a measuring plane-ed in an exposure location of the flxxx of 
K^t from a light source means, making the flux of light for measurement reflected by this measuring plane-ed, and the 
flux of light for reference interfere mutually, and detecting a condition of an interference fringe produced by this 
interference In a profile irregularity measuring device which measures profile irregularity of said measuring plane-ed, a 
solid-state optical transmission line which transmits an outgoing beam of said light source means is prepared, and the 
flux of light which carries out outgoing radiation from the optical outgoing radiation section of this optical transmission 
line is used as said flux of light for measxurement, and the flux of light for reference. 
[Procedure amendment 4] 
[Docxmient to be Amended] Description 
[Item(s) to be Amended] 0009 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0009] Moreover, the flux of light for measurement which has arranged the concave siuface used as a measuring plane- 
ed in the exposure location of the flux of light from a hght source means, and was reflected in it by this measuring 
plane-ed in invention according to claim 2, By making the flux of light for reference interfere mutually, and detecting 
the condition of an interference fringe produced by this interference In the profile irregularity measuring device which 
measures the profile irregularity of said measuring plane-ed, said light source means is built by semiconductor laser, and 
the flux of li^t by which direct outgoing radiation is carried out, without minding space from this semiconductor laser 
is directly used as said flux of light for measxirement, and the flux of light for reference. 
[Procedure amendment 5] 
[Document to be Amended] Description 
[Item(s) to be Amended] 0045 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0045] However, in using general semiconductor laser, by making the angle which the optical axis of the measuring 

plane 4-ed and the optical axis of semiconductor laser 48 make equal to the angle which the optical axis of a lens 5 and 

the optical axis of semiconductor laser 48 make using the astigmatism in an outgoing beam being symmetrical with 

reversal to the optical axis of semiconductor laser, it is possible to cancel astigmatism mutually and existence of these 

astigmatism does not become a problem actually. 

[Procedure amendment 6] 

[Document to be Amended] Description 

[Item(s) to be Amended] 0050 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0050] As mentioned above, according to this example, it is possible to build the measuring device of simpleest 
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configuration of to become the lens 5 list used as the semiconductor laser 48 which is the light source, and an 
interference fringe image formation system only from CCD6. 

[Translation done.] 
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